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Abstract 

Objective: To review the cases of patients with congenital lobar emphysema (CLE) submitted to surgical treatment 
at two university hospitals over a 30-year period. Methods: We reviewed the medical records of children with 
CLE undergoing surgical treatment between 1979 and 2009 at the Botucatu School of Medicine Hospital das 
Ch'nicasm the Mogi das Cruzes University Hospital. We analyzed data regarding symptoms, physical examination, 
radiographic findings, diagnosis, surgical treatment, and postoperative follow-up. Results: During the period 
studied, 20 children with CLE underwent surgery. The mean age at the time of surgery was 6.9 months (range, 9 
days to 4 years). All of the cases presented with symptoms at birth or during the first months of life. In all cases, 
chest X-rays were useful in defining the diagnosis. In cases of moderate respiratory distress, chest CT facilitated 
the diagnosis. One patient with severe respiratory distress was misdiagnosed with hypertensive pneumothorax and 
underwent chest tube drainage. Only patients with moderate respiratory distress were submitted to bronchoscopy, 
which revealed no tracheobronchial abnormalities. The surgical approach was lateral muscle-sparing thoracotomy. 
The left upper and middle lobes were the most often affected, followed by the right upper lobe. Lobectomy was 
performed in 18 cases, whereas bilobectomy was performed in 2 (together with bronchogenic cyst resection in 1 
of those). No postoperative complications were observed. Postoperative follow-up time was at least 24 months 
(mean, 60 months), and no late complications were observed. Conclusions: Although CLE is an uncommon, still 
neglected disease of uncertain etiology, the radiological diagnosis is easily made and surgical treatment is effective. 

Keywords: Respiratory system abnormalities; Congenital abnormalities; Pulmonary surgical procedures; 
Pulmonary emphysema. 

Resumo 

Objetivo: Revisar os casos de enfisema lobar congenito (ELC) operados nos ultimos 30 anos em dois hospital's 
universitarios. Metodos: Foram revistos os prontuarios medicos das criancas com ELC operadas no Hospital das Clinicas 
da Eaculdade de Medicina de Botucatu e no Hospital da Universidade de Mogi das Cruzes entre 1979 e 2009. Dados 
sobre sintomas, exame flsico, achados radiologicos, diagnostico, tratamento cirurgico e seguimento pos-operatorio 
mediate e tardio foram analisados. Resultados: Durante o periodo estudado, 20 criancas com ELC foram submetidas 
a tratamento cirurgico. A media de idade dos pacientes no momenta da cirurgia foi 6,9 meses (variacao, 9 dias a 4 
anos). Todos os casos apresentaram sintomas ao nascimento ou nos primeiros meses de vida. Em todos os casos, 
a radiografia simples de torax foi importante na definicao do diagnostico. Em casos de dificuldade respiratoria 
moderada, a TC de torax auxiliou no diagnostico. LJm paciente com desconforto respiratario grave foi diagnosticado 
erroneamente com pneumotarax hipertensivo e submetido a drenagem toracica. A broncoscopia so foi realizada nos 
pacientes com dificuldade respiratoria moderada e nao foram encontrados sinais de anomalias traqueobronquicas. 
A abordagem cirurgica foi realizada atraves de toracotomia lateral poupadora de musculo. 0 lobo superior esquerdo 
e o lobo medio foram os mais afetados, seguidos pelo lobo superior direito. A lobectomia foi realizada em 18 casos, 
enquanto a bilobectomia foi realizada em 2 casos (com resseccao de cisto broncogenico em 1 desses). Complicates 
pos-operatarias nao foram observadas. 0 acompanhamento pos-operatorio foi de pelo menos 24 meses (media, 60 
meses) e nao foram observadas complicacoes tardias nesta serie. Conclusoes: 0 ELC e uma doenca pouco comum, 
ainda negligenciada, de etiologia incerta, mas de facil diagnostico radiologico e tratamento cirurgico eficaz. 

Descritores: Anormalidades do sistema respiratario; Anormalidades congenitas; Procedimentos cirurgicos 
pulmonares; Enfisema pulmonar. 
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Introduction 

Congenital lobar emphysema (CLE) was 
first described in 1932, by Nelson," 1 and was 
so designated in 1 951 , by Robertson and James. It 
is a rare disease, its incidence being 1 per 20-30 
thousand births.' 2 ' However, the prevalence of 
CLE during pregnancy is uncertain. 131 

The abnormality is defined by hyperinflation 
of one or more lung lobes in the absence of 
extrinsic bronchial obstruction. Although the 
etiology has yet to be fully understood, many 
authors have reported it as being the result of 
bronchial abnormalities' 41 or alveolar defects. 151 
Some theories include bronchial collapse resulting 
from inadequate cartilaginous support. In 1970, 
Hislop and Reid 151 found an increase in the number 
of alveoli in the affected lobe and were the first 
to describe polyalveolar lobe. Subsequent studies 
conducted in the 1980s and 1990s re-evaluated 
and confirmed polyalveolar lobe in CLE.' 61 Some 
Brazilian authors have also reported polyalveolar 
lobe as the cause of CLE on the basis of histological 
studies involving alveolar counts, having shown 
an increase in the number of alveoli per area 
of lung tissue. ,7) It is difficult to differentiate 
between CLE and hyperinflation resulting from 
extrinsic bronchial obstruction (lymph nodes, 
vessels, masses, or cysts) that compresses the 
bronchus and produces valve obstruction. In 
such cases, hyperinflation should be designated 
acquired lobar emphysema; however, more than 
50°/o of all CLE cases are unrelated to airway 
abnormalities. The left upper lobe is usually 
the most frequently affected, followed by the 
middle and right upper lobes, the lower lobes 
being rarely affected. It is known that CLE can 
occur in association with other malformations, 
especially cardiac malformations, which occur 
in 20% of cases.' 81 

The most common clinical presentation is 
neonatal acute respiratory distress, which is caused 
by localized air trapping that compresses the 
ipsilateral and contralateral normal lungs. The 
diagnosis is made by clinical examination and 
routine chest X-rays and can be confirmed by CT. 
Although bronchoscopy can be an important tool 
in the differential diagnosis, it is not a primary 
screening test, being indicated for children whose 
symptoms appear later, with the objective of 
excluding acquired bronchial obstruction. 

Surgery is the treatment of choice' 91 and has 
been recommended since 1945, when Gross and 



Lewis" 01 reported the first case of CLE successfully 
treated by lobectomy. The prognosis is good 
even when more than one lobe is resected and 
probably reflects the potential for compensatory 
alveolar growth in children.' 9 " -131 

The objective of the present study was to 
show the clinical and radiographic findings, 
the approach adopted, and the early and late 
postoperative outcomes in children with CLE 
undergoing surgical treatment at either of two 
university hospitals in the state of Sao Paulo, 
Brazil, over a 30-year period. 

Methods 

The study was approved by the Research 
Ethics Committee of the Sao Paulo State 
University Botucatu School of Medicine (Protocol 
no. 268/08-CEP). We reviewed the medical 
records of children with CLE undergoing surgical 
treatment between 1979 and 2009 at the Sao 
Paulo State University Botucatu School of 
Medicine Hospital das Clfnicas or the Mogi 
das Cruzes University Hospital. 

The diagnosis was confirmed by the presence 
of respiratory symptoms, typical radiographic 
findings, and pathological findings. We analyzed 
the following parameters: age at the onset of 
symptoms; clinical findings; age at surgery; 
radiographic findings (on routine chest X-rays 
and on chest CT scans); bronchoscopic findings 
(when bronchoscopy was performed); affected 
lobes; presence of other malformations; type 
of surgery; pathological findings; and early and 
late postoperative outcomes. Early postoperative 
outcome was evaluated on the basis of the 
following: time to extubation; time to recovery 
from anesthesia; re-expansion of the remaining 
lung; and resolution of the symptoms. Late 
postoperative outcome was evaluated on the 
basis of respiratory symptoms and findings on 
routine chest X-rays. 

Results 

Between 1 979 and 2009, 20 children with CLE 
underwent surgery. Of those, 1 5 underwent surgery 
at the Botucatu School of Medicine Hospital das 
Clfnicas and 5 underwent surgery at the Mogi 
das Cruzes University Hospital. The time elapsed 
between the first case and the second case was 
greater than 8 years. The mean age at surgery 
was 6.9 months (range, 9 days to 4 years), and 
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all of the children were White (Table 1). The age 
at onset of respiratory symptoms ranged from 0 
(i.e., symptoms at birth) to 1 2 months. Symptoms 
of respiratory distress (dyspnea, wheezing, and 
cyanosis) were present in 60°/o of the cases, with 
no evidence of infection. Recurrent pneumonia 
(fever, cough, tachypnea, and a history of antibiotic 
therapy) was observed in 50% of the cases. 

The time elapsed between the onset of 
symptoms and the surgical procedure ranged 
from 1 day to 36 months. The test that raised the 
diagnostic suspicion of CLE was a routine chest 
X-ray, which showed lobar hyperinflation and 
compression of the ipsilateral and contralateral 
parenchyma in all cases (Figure 1). A CT scan of 
the chest was performed in 18 (90%) of the cases, 
and the findings consisted of hyperinflation of 
the affected lobe, contralateral herniation of the 
affected lobe through the anterior mediastinum, 
mediastinal shift, and collapse of the healthy 
lobes due to compression (Figure 2). 

Rigid bronchoscopy was performed in 7 
children (35%), although only in those over 6 
months of age. Although there was no acute 
respiratory impairment, most of those children 
had recurrent pneumonia. In the first case, in 
1979, bronchoscopy was performed in a child 
who was younger than 6 months of age because 
of the difficulty in establishing the diagnosis. 



All of the tests showed that the bronchial tree 
was within normal limits. 

In 1 case, CLE was misdiagnosed as tension 
pneumothorax at birth, and the child underwent 
emergency pleural drainage, without success 
(Figure 3). 

In 2 cases, CLE was found in association 
with other malformations (hydrocephalus in 

1 and bronchogenic cyst in 1). In the case 
of the patient with CLE and bronchogenic 
cyst, both defects were treated during the 
same procedure. 

The most commonly affected lobes were the 
left upper lobe (in 7 patients) and the middle 
lobe (in 7 patients), followed by the right upper 
lobe (in 6 patients) and the right lower lobe (in 

2 patients). Two children had involvement of 
two ipsilateral lobes. 

Lobectomy and bilobectomy were performed 
in 1 8 and 2 patients, respectively. In 1 case, 
bilobectomy was performed in conjunction with 
bronchogenic cyst resection. In 1 5 cases, a lateral 
thoracotomy was performed, and, in 5 cases, 
thoracotomy was performed via the triangle of 
auscultation; in all cases, the surgical approach 
was lateral muscle-sparing thoracotomy. In all 
procedures, the affected lung herniated through 
the pleural cavity immediately after it had been 
opened (Figure 4). 




Figure 1 - Chest X-ray showing hyperinflation of the left upper lobe, with compression of the lower lobe 
and mediastinal shift to the right leading to compression of the entire right lung. 
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Figure 2 - Chest CT scan showing hyperinflation of the left upper lobe (in A) and right upper lobe (in B), 
with contralateral mediastinal shift and compression of the contralateral lung in both cases. 




Figure 3 - Chest X-ray of a child with congenital lobar emphysema misdiagnosed as right tension pneumothorax. 
The child was referred to the facility with a right pleural tube already in place. 




Figure 4 - Hyperinflated left upper lobe (in A) and right upper lobe (in B) with herniation through the 
chest incision. 



J Bras Pneumol. 201 3;39(4):41 8-426 




422 



Cataneo DC, Rodrigues OR, Hasimoto EN, Schmidt Jr AF, Cataneo AJM 



Table 1 - Characteristics of the patients diagnosed with congenital lobar emphysema and treated surgically 
at either of two hospitals between 1979 and 2009. 



Patient 


Year in 
which 
surgery was 
performed 


Gender 


Age at 
symptom 
onset 


Symptoms 


Age at 
surgery 


CT 


Bronchoscopy 


Affected 
lobes 


1 


1979 


Female 


3 months 


NARDS 


4 months 


No 


Normal 


ML 


2 


1988 


Male 


Neonate 


NARDS 


10 days 


No 


NP 


RUL 


3 


1991 


Male 


Neonate 


NARDS 


9 days 


Yes 


NP 


LUL 


4 


1995 


Female 


Neonate 


Recurrent 
pneumonia 


3 months 


Yes 


NP 


RLL 


5 


1995 


Female 


1 2 months 


Recurrent 
pneumonia 


48 months 


Yes 


Normal 


RUL 


6 


1995 


Male 


4 months 


Recurrent 
pneumonia 


7 months 


Yes 


Normal 


RUL/ML 


7 


1996 


Female 


2 months 


Recurrent 
pneumonia 


5 months 


Yes 


NP 


RUL 


8 
9 


1996 
1999 


Male 


30 days 

1 N^U 1 la Lv_ 


NARDS and 
recurrent 
pneumonia 
NARDS 


1 months 

1 mnntbs 

.J 1 1 1 U 1 1 LI 1 J 


Yes 
Yes 


NP 
NP 


ML 
LUL 


10 


2000 


Male 


Neonate 


NARDS 


1 months 


Yes 


NP 


ML 


11 


2000 


Male 


Neonate 


Recurrent 
pneumonia 


14 months 


Yes 


Normal 


LUL 


12 


2001 


Female 


Neonate 


NARDS 


2 months 


Yes 


NP 


LUL 


13 


2001 


Female 


Neonate 


NARDS 


30 days 


Yes 


NP 


ML 


14 
15 


2002 
2002 


Female 
Male 


Neonate 
Neonate 


NARDS and 
recurrent 

pneumonia 
NARDS 


24 months 
30 days 


Yes 
Yes 


Normal 
NP 


RLL 
RUL/ML 


16 


2003 


Female 


Neonate 


NARDS 


6 months 


Yes 


Normal 


RUL 


17 


2004 


Male 


Neonate 


NARDS 


21 days 


Yes 


NP 


LUL 


18 


2004 


Male 


6 months 


Recurrent 
pneumonia 


1 2 months 


Yes 


Normal 


LUL 


19 


2004 


Male 


30 days 


Recurrent 
pneumonia 


4 months 


Yes 


NP 


ML 


20 


2008 


Female 


30 days 


Recurrent 
pneumonia 


2 months 


Yes 


NP 


LUL 



NARDS: neonatal acute respiratory distress syndrome; ML: middle lobe; NP: not performed; RUL: right upper lobe; 
LUL: left upper lobe; and RLL: right lower lobe. 
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A pathological diagnosis of CLE was established 
in all of the cases, although there were no 
cartilaginous changes or confirmed polyalveolar 
lobe in any, and the only possible etiology was a 
small bronchogenic cyst compressing the upper 
and middle lobe bronchi. 

All of the patients progressed well, being 
weaned from mechanical ventilation shortly 
after surgery. Chest tube removal and discharge 
occurred within up to 4 and 5 days after surgery, 
respectively. Late postoperative outcomes were 
satisfactory, and postoperative follow-up time 
was at least 24 months (mean, 60 months), 3 
patients having been followed for more than 
10 years. No late complications were observed. 

Discussion 

Although the incidence of CLE is possibly 
underestimated, it ranges from 1 :20,000 births 
to 1 :30,000 births in the literature,' 21 CLE being 
more common in White boys. 1 "' 14 ' 15 ' However, in 
our sample, there was no predominance of CLE 
in males, and although all of the children were 
White, the predominance of CLE in White patients 
no longer seems to hold true, one study having 
shown a high incidence of CLE in non-White 
children in Oman." 61 

The fact that the incidence of CLE is low 
has been confirmed by studies conducted in 
Brazil: at a referral facility for pediatric thoracic 
surgery in the city of Porto Alegre, 13 patients 
with CLE underwent surgery over a 10-year 
period, 1 ' 71 and at a university hospital in the city 
of Sao Paulo, 14 patients with CLE underwent 
surgery over a 35-year period." 81 Although the 
diagnosis of CLE can be made by routine chest 
X-rays, it continues to be delayed; this suggests 
that the low incidence of CLE and the difficulty 
in diagnosing the disease in the presence of 
infection contribute to delayed diagnosis and 
treatment, resulting in recurrent and frequent 
complications." 81 Before the early 1990s, only 2 
patients with CLE had undergone surgery at one 
of the hospitals under study. This shows that 
the disease was poorly understood in primary 
health care settings in Brazil. 

All of the patients analyzed in the present study 
had been diagnosed after birth; however, some 
authors have reported that CLE can be prenatally 
diagnosed by ultrasound on the basis of the 
difference in echogenicity and reflectivity between 
healthy and affected lobes." 519 ' 20 ' Currently, the 



routine use of prenatal ultrasound allows early 
diagnosis of all lung malformations. We do not 
believe that this can increase our sample size, 
because none of the patients analyzed in the 
present study had been diagnosed with CLE before 
birth. However, several other, cystic, malformations 
were diagnosed by prenatal ultrasound. This 
might be due to the fact that the sensitivity 
of ultrasound diagnosis of CLE is lower than is 
that of ultrasound diagnosis of cystic diseases. 

The onset of signs and symptoms of respiratory 
impairment usually occurs in the first days of life, 
occurring before the age of 6 months in 90% 
of cases, when approximately half of all cases 
are diagnosed; however, the onset of signs and 
symptoms of respiratory impairment can occur 
as late as the age of 5 years.' 2 " According to the 
literature, 12% of all patients with CLE develop 
severe acute respiratory impairment, a proportion 
that is consistent with the proportion that we 
found in our sample. 

Radiographic images can sometimes confuse 
physicians because healthy lobes can appear 
opaque as a result of their being compressed by the 
affected lobe. This, in association with symptoms 
of respiratory distress, can mimic pneumonia, 
thus delaying diagnosis. The main differential 
diagnosis on routine chest X-rays is still tension 
pneumothorax, which is evidenced by the high 
radiolucency of the affected lung and which can, 
in association with respiratory distress, lead to 
unnecessary invasive procedures' 6 ' 21 ' 22 ' that can 
worsen the condition of patients. In such cases, 
chest CT is useful in order to confirm the X-ray 
findings, to determine the affected lobe more 
accurately, and to exclude other malformations, 
such as vascular ring, masses, and cysts, which 
can compress the bronchi." 6 ' 

In most of the cases in which the onset of 
symptoms was immediately after birth, early 
tracheal intubation and mechanical ventilation 
contributed to greater air retention in the affected 
lung, urgent intervention being therefore required. 
In such cases, some authors have suggested the 
use of high-frequency ventilation,' 23 ' selective 
intubation,' 24 ' or endoscopic decompression of 
the emphysematous lobe' 25 ' for preoperative and 
perioperative optimization. In cases in which the 
onset of symptoms is after the sixth month of 
life or in oligosymptomatic patients, conservative 
treatment is an option and has been widely 
discussed in the literature.' 26 ' However, attention 
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should be paid to deterioration of respiratory 
function leading to urgent interventions. 

Regarding the affected lobes, our findings 
were consistent with those reported in the 
literature. However, the proportion of lower lobe 
involvement was higher in our case series than 
in other case series. In 2 cases, more than one 
lobe was affected. In both cases, the upper right 
and middle lobes in the right hemithorax were 
affected. This facilitated the surgical approach— as 
previously discussed by other authors" 5 ' 22 '— which 
would have been more difficult had there been 
bilateral involvement. 1271 Some authors have 
reported that the symptoms are more intense 
when there is upper lobe involvement than when 
there is middle lobe involvement." 516 ' 221 However, 
no such difference was found in our sample of 
patients. 

Although CLE has been shown to be 
significantly associated with cardiac malformations, 
we found no cardiac malformations in our sample. 
Our screening for cardiac malformations was 
carried out exclusively by echocardiography and 
chest CT because cardiac catheterization and 
cineangiography 128 ' seemed extremely invasive 
and unnecessary. 

The intraoperative period is generally made 
difficult by mechanical ventilation and the use of 
inhaled anesthetics, such as nitric oxide, which 
can increase the retention of air in the affected 
lobe, increasing hyperinflation during the entire 
procedure and making ventilation and surgical 
manipulation even more difficult.' 8 ' However, the 
literature shows that the surgical treatment of 
CLE is safe, the morbidity and mortality from 
the procedure being low in most studies. 1217,18 ' 
In our case series, all of the procedures were 
successful and the surgical approach was lateral 
muscle-sparing thoracotomy followed by the 
affected lung being pulled out of the pleural 
cavity in order to facilitate ventilation. The use 
of video-assisted thoracoscopic lobectomy 1291 for 
congenital lung malformations has been reported 
in the literature; however, this surgical approach 
is difficult in patients with CLE because the 
pleural cavity is mostly occupied by the affected 
lobe (which generally remains inflated), and this 
makes it difficult to create a pneumothorax with 
the purpose of creating a virtual cavity. Although 
pain or the cosmetic appearance of the chest wall 
can justify the use of video-assisted thoracoscopy, 
none of our patients had such complications. 



Although more than 50°/o of all CLE cases 
have no clear etiology, several theories have been 
proposed to explain the mechanism of air trapping 
in the emphysematous lung, including the presence 
of bronchial cartilage dysplasia, 17 ' 30 ' accumulation 
of mucus or redundant mucosa leading to valve 
obstruction, extrinsic compression by aberrant 
bronchi or vascular structures, infection-related 
abnormalities," 4 ' and polyalveolar lobe. 1561 Contrary 
to what many authors have reported, we found 
no cartilaginous changes in the bronchi of the 
emphysematous lobe. However, such changes 
cannot be completely ruled out, because it is 
possible that there was a change in the emergence 
of the bronchus, which was not resected with 
the specimen. However, 35% of the patients who 
underwent bronchoscopy had no intrinsic or 
extrinsic central bronchial obstruction. Although 
bronchoscopy is not a primary screening test, 
it was used only in patients over 6 months of 
age, age at which the onset of CLE symptoms 
is less common. The objective of the procedure 
was to exclude obstruction by a foreign body 
or thick secretion plugs and avoid inappropriate 
surgery, in accordance with the algorithm proposed 
by Karnak et al. l9) Regarding polyalveolar lobe, 
although the pathological findings were not 
consistent with it, we cannot state that it did 
not occur. Therefore, in one of the cases, the 
only possible etiology found was bronchogenic 
cyst compressing the emergence of two lobes. 

In conclusion, CLE is an uncommon disease, 
and it is still difficult to diagnose it in neonatal 
1CLI and infant care settings. Therefore, CLE 
should be suspected in neonates with respiratory 
distress. Although the etiology of CLE remains 
uncertain, the radiological diagnosis is easily 
made, and surgical treatment is effective and safe. 
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